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(54) POWER-ON RESET CIRCUIT voltage Va, the power-on reset circuit of high 

reliability is incorporated in a semiconductor device. 

(57) Abstract: 

COPYRIGHT: (C)1 996, JPO 

PURPOSE: To provide the power-on reset circuit where 
the variance of a detection voltage (reset signal) is 
small and the detection voltage is not dependent upon 
the temperature change: 

CONSTITUTION: This system is provided with a start-up 
function which shortens the time required to enter into 
the active state after the supply start of a supply 
voltage VDD, a reference voltage generation part 1a 
which generates a control voltage VCT to be outputted in 
the active state and generates a prescribed reference 
voltage Vref in response to this control voltage, a 
control voltage VST which is supplied to the start-up 
function so as to forcibly set the reference voltage 
generation part 1a to the active state simultaneously 
with the supply start of the supply voltage VDD, and a 
reference voltage control part 2a which outputs a 
comparison voltage Va obtained by dividing the supply 
voltage VDD at a prescribed ratio in response to the 
voltage VCT. Since the reset signal for power-on and 
power fall is obtained from the comparison result 
between the reference voltage Vref and the comparison 
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(57) [S»] 

[sm] &amE cj-t-v m^) <d/\'7^+a</j^ 

©<t #C:aj;*|-t-5fcH9mEEV c Tfc^tfCtDWElciSg 
y&mzi*t&? £ MfltEV S T tflEv CTt icjfcg 

l -trauma v d Dzmmo>itmT-ftE.Ltzitmw&v 



, , I 




CUT 



oQND 



m&fflttsikfr t. ^attfii in <c « * roe*™ * stt-r -5 x 

1 <D$wmn£ti}:*] LA>o;r©Bl±i::i£gLTi9rS©» 
tflTlBft 1 «»mffilcj6»Lr«3I«ffi*Br36©tt*-C 

* r-tSSS,, 

[»*«2] mem i ©»*®ff#iw#f&ictt;t-cM 

Gft 1 tt«K*E£Utft*I£©*2tt8Mt££3&l::a 

*fc»2©tt**ffi*i»^R*«i*.. Hnte**mi±fcj: 

[»#£ 3 ] mmmE.m^mt^ t mmi~mu >jt7h 
[«*«4] ffrssmi t>*r/fltrJBm2©smsBE«iffli 

liriBft2«l»*S4:fl1HBff 1 fc<fct/:BufBft2tf: 

«tEt £±fi£f.&^fS£ftffl-f -ait** i *fci*2te 
©©a?— ■ u-tr-v hia», 

* A*ltW»«|-Clf A* *tfc» 1 a>ftaiflMftlal& J: S 2 05 
IHIIMOS >v>X3 tl2fl)l2#tSMO 
S h7>5?**fc«l©*tt*^ijMtW»«-C»AS 

nf=ff 2a>B9ji«tiiB& s*u flirteft 1 ©ft i *a 
smos h5>i?x^©y— htflirffift2©fti«sas 

MOS hi: Klyf >£*t£lcflMK£ 

*ic©»«jfl[*iiinE»i«»«ffi©th*«BfcL. meat 

1 (Ol2#ilMOS h7>vX$(!)y- h<t KU-f> 
ifl!lIBft2©ft2^mMMOS h7>vX^©y-hi 

*<sic}g^$*iA>OHJrieft 1 «»«EE0!>ai»«i4<y— h 
l=ffiS!*ix-i>ft3©ft 1 itiMos h7>-^$ fcft 
2©«ta^T-t^©«ta^ffl|$7 , >' — Kt-T-Sftl * 

itMttfcrit a $ *t c o>fcmmtiiM 5 H>ii£Siii«jE©ai 
^^fr^ittir, ffreffi ©ft i iflMos 

>vX^t3fe|)J|Cft4©ftlSiaSMOS h?>i?X» 



* 4t*©y— M=MGft 2 ttiBttlEGXt] ±i tijtfft 
«*4lT<E*fltrE^* — h7->^fgf^TisE$^ 
41*11 *fcl4 2C«/<©'7— • U-fev KlalSSo 
[It** 6] BfriB*maE±fiE¥-gli, flafift 1 ©ft 
2I1IMOS h7>i?**fc*tflffllE*ia>»tt**- 

t teG.mnmn®. <t <oni=«ttfti«a«{(tffii ** v- k 

1 1 &ft 2 fccfc l/ft 3 ©9V K*-t*l-P*l» A L T 

&j££*L-sii3R3S5fBe©/\° r 7— ■ h-ess,, 

[flt*4l 7 ] miEft i ©ttWE«|«i^aa. g&ffl 
«3^li<4<5:«<4fliimaS®tei:©FBllcft5©ft 1 itMM 
OS h7>^X^,kft3 33J:i;ft4©SStm^-i:jb<115iJ 

^T-}iA$*ifrfaft5©ft 1 iiiMos t>?>*jx 

><5h'W >l4ft 1 (D§li^S^ L-C«fa«WI*<4 
l=m«3F4x5tttl-HiriBft2«l^iaiE©aiil^i: L, 

ft 1. tt««ffi©Ul*«lt LT«a**L*BI#a 1 fBi£© 

nmwitk&iiLWwmni&tomzmeon -\ mmmM 

OS h7^v^$ <tft5. ft6fc<fct^ft7©»et*^-i: 
A < lS5IJJSSlT?Jf A$+tfllFffift 6©ft 1 iilMOS h7 
>vX$© KU-f >l4*2©S«*^-*^LT«tt«m 
S*tti::tttt£:ii& 1 1 1 icmiBft 1 «»«E©UA4I 
fcU A^flirfBft6fcJ:U:ft7©Sta^©iS5iJS^ 
£ft 1 it^MS.(Dthtiimt L> flUiBft 5 fc<fctfft 6 ©J£ 
&X?©ftnttflljA£ft2it«K*EG>ttiAlgJ: LT-t*. 
^h.*dte:h*»#*2tH«fl>/< , 3— U-bv hE 

[000 1] 

[^H±©fijffl»If] **^I4. /*r7-*-> • u-by h 

mBCUHL. JICCMOS (complementar 
y metal— oxide semi conduct 
or transistor) £(D3MflU*Jll&!glKf=tt 

[0 0 0 2] 

^©a©^*©/^— • 'J-tr-vhls] 
^©1^J$(2JSSS-e^LfciHl7^#P.-r-5i:. ssefflw 

asm<4 (wt. *3im<4<i:f*-r) vDDtistifliiaaim 

i4 (KIT. 8M6«tt&*W) GNDi ©TbIIc, y-hi 
KU-f>«<Sg^fcgl|llMOS h7>vxji 
OilT. PIMOS h7VvX$t*ft) P6fcJ:U:jg 

•5. «tftm^R7|cl*#fi^T-C2A<3t?iJ}gSI$^, it 
5»lSS/SDI4. mHS{4VDDtgifem{4GN Di:©F B 1 
l=B9lffiflt $ ^fcttttiR^ R 8 fc «fc tfft 2 3imaM O S 
h7>vX$ (JilT. NlMOSh7>i/X^tftt) 



S h7>vX^ N 3<Z)I15IJft«/SEf4-f $r 6 CD A 

*ttictt«*4x*(Dai*»i*ai*«^ouTiz»a**i 
[ooo3] jiiz£Lfcii7 izftitxiromttmwmon 

>-g-b^hn*tt % *-*\ BWtorlltttVDD 

S<iVDDIZffi]or±SLTL><o ^(DifiVDDil<P 
MM OS h7>vX? P 6(DL£lMtmi±VT P£*g;I 
5B#Pb1 t 1 ic££>fc % PlMOSh7>vX^P6lt 
93 ^fixhtil;:. tt«jftD0>«ffit,±»Lfi 

Cto. MlttV p D|:» L V T P»«T Lfcttt (V 
DD-VTP) |Z«-r* D 

[0 0 0 4] MIC. i3lifiVDDA<±gL, S«AD 
<Df[(£*)<NMMOS h 7>v^ N 3(DL£lMtSJ±V 
TN£«*.*B#IB t 2 (::«:<&£:. NiMOSh7>vX 

^Ji/C^^o ccDn^u^u^-f $ 

£;h,£ 0 ^(Dn^u^&Rfl^/^— 7j-> • 'J-tr^Kd 

[0 0 0 5] «£*<D/*9— ;J-> ■ y-tr^ KES&cDffilCDfliJ 
A^gS¥3-2 0 6 7 0 9^ffilCi2tt3F*iTl^* 0 m 
l*«ffi«<D/* , 7— • U-fev h[°]8&<D[pj£&El£^Lfc 

E^ai SP 8 t <D VJEttU SB 8 (D £U ^ £ ft "f £ SL 

t&jf«si ot*«5t. jt*t«iE±i*tt7i*«**tiv 

[0 0 0 6] -75, WtE£M9ttUtttVDD 
fccfetftt*«ttGNDlBlZ«ta*^R 1 0*5*tfy— h 
4: KU-f >££5lcfgg|-r£ n MM os t7>5X5 N 

[0 0 0 7] «I±gldi$P8l4. WlfiVDDiV-X 
hjNl h7>vX^ N 7(D?— hfc 
*i; K l/-f >l:»l»«t 4 N IMO S h7>v^N 

7(7) KU-Oi PlMOSh7>vX^P7fc 
(fcl/NSMOS h7>vX$ N 4<DIt9JS8clsia£: Pi 
MOS h7>yX^P 8fccfcl*NMMOS h7>yx$ 
N 5©tt«««I§|BfcA<5l=3feJl]»««ffl[-c»A**l. 
3&OP1MOS h7>yX^ P 7*5cfclf P 8CD<f— H4 

OS h7>^$N4«)y- hlcl*ltKmE£ai*4SA^ 
NIMOS h7>yX^N 5(D^- McligmSEaJ* 
«a6«-t4i-e*itt«**i*. JbCPlMOSh7>y7 
VPOC = VTN+ | VTP | 



$ p 8 |r|*y- hi Kb-f>*Ii:»«t5PiMOS 

7>yX$ P80) Ku-f >4<«Etttt«a*«ll4:«*. 
[0008] CCDSJ±^a^ai^5ffi7!)<SKiiimSl 0(D 
A*J««l::8Ma*;h.S 0 ElEiMHVl 014. «»*EEVD 
D&J:tf««lttG N D|HHz*OTtt«-e»AS+tfc Pfi 
mos h7>yx? P i ofcckl/NiMOS h7>yX 

£ N 8^e>^-5-f £ 1 0(D-ttL-?*t(D^f— h fc — 

«*S»«ffiG N D|C»H*-r*S**^ C 5<Dtt4Bfc A 

[0 0 0 9] ±&Lfc18Ji£<7>/< , 7— ■ U-by h§8 
14. flt<***Lt=«aa«fiVDD3&<0V^C>±»LJ&** 

*U .-*t&a)«Etf«l8$*L4NSMOS h7>yx 
£ N 4 S3<fctfN 5<D<f— ht*lz±»LTfr.< . 

[0010] :Ct\ NSMOS h7>vX^N5(DL 
^IMISKVTN 5I4. NSMOSh7>yX^N4fc 

£tf n 6<7) l#immee<»: y ti£< is^$Hri>^fr 

to. NlMOSh7>yX^N5A<Itfli:t>i:%5o 
[0 0 1 1 ] HIC. S;HmttVDD*<JiJ?-L. NIMO 
S h7>y^ N 6fecktfN 7 fci tie. PlMOSh 

7>yX9P7, P8. t$<ktfP9tf*>lzttZ>t* EE 
CNgMOS h7>S/X$ N 5A<t >Lri^4fc«>N2 
MOS h5>^A$t N 5© KU-f >ftJE*<«TL. Pi 
MOS h^>v?X* P 7!4S(CSg< 7X£;txTl^ 
(D"C. 2CNSMOS h7>vX^N4(DKl/<>lE 

[0 0 1 2] «»»faVDDA<MIZ±»-r*t. NSM 
OS h7>yX$ N 5 IC3K+l'5®3it<fc y tNSMOS h 

7>yx^ n 4izaE*is«ao)**<*< «cy . nsmo 

S h7>yX^ N 4 CD KwaEtfftTt4. 
[0013] uONSMOS h7>yX^N40KU^f 
>lE^P^MOS h7>yX* P 8CDL#IMIISJ±£ 
MlC|g^.^i:. NfMOS h7>yX^ N 5 CD KUW 

mE*<tL±#L. isiss3im{ivDDai±ic^L<^* 

ibttlc. PlMOSh7>yX^P7lit7L, Ni 
MOS h 7 N 4 (D K u-f >(*□ O U^UcjS 

[0014] Z0t^(DNlMOS h7>vX^N5^ 

• y-b-> h{t^£ Lraj^stt^o 

[0 0 1 5] 

[5IB^^*Lci:5<t-r*^S] i&Lfctfc^cD/^- 

■ y-b^ h[sl^cD-05lcfc^-c. fefcbmn OUT. 
vpoc^ftt) r4^sic^-Tcfe : 5icvTCDS]r^$ 

[0 0 1 6] 

(1) 



VTN : N 3<DL$l*mnE.. VTP : P60)L£lMil 

nut?*. 

[0 0 17] cfcoT, L#L^fflm)±(DiSjg/<7^ + $± 
0. 2 [V] k-T&t. gtfctJSEV 

±0. 4 [V] ,fcfci>„ L£l^fiimE<D;£ 

VPOC= | VTP | +VDS (N4) 
= | VTP | +VDS (N4) 



VTP : P 8<Z>L£LM!SJE 

VTN (N7) : N 7 <D L ^LMilttE 

VTN (N5) : N5fflL#^iltE 

1IU VTN (N7) >VTN (N5) 

VDS (N4) : N 4(0 K L"f >• V— .T^ttE 

VDS (N6) : N 60) KU-f > • V— *fg)?iE 

■tot. VDS (N4) &m%lLtzk LTt L£lMI3 

Eo>«jft/<7^**. ±o. 2 cv) t-f&t. &tan 

QEV POC©^g/<7 7+li, ±0. 6 [V] tfcij, 

&UimEvpoca)SJg<t#tei:fc&)-2 [mV/°C] 

[0 0 2O] N 5<7>L#lMiteiIf*, N4, N 

[00 2 1] jfii^ 7>f^OD>lfi-$fl)CPUlf 

£\ ^tbmEV P O CCD^iS/^^liit 0 Cm V/ 
°C] kl^5W:*tfX'X&Xl^&<, 
[0 0 2 2] L^L^fA<t>C(7)^*l*, ±iELfc<fc7£ 

[0 0 2 3] *3SHB0>@M!*, SitXS^lt^-rzi:^ 

<. L£iMitmE©S{jt/\-^';/*{c < j:&igg£gi+.5c 

[0 0 2 4] 

[|f^£8?3l-f £fc#>0>3M8:] *2gBja>/*'7— ' 'J 
fey hES§<Dft&l*. ¥3H*!&S0>m3ilSEtt$&il8&B# 

fccti/miiiiiEKT^ic'j-b-v hft-^5^±LrrtgpiHi 
3ssi±«^gssfe^ *> &®#.m\z 13. ^ £ xammz&m 
ztm i ro^ama^aj* Lfr-oztonmzfc&Lxm 

S©gi£SE£±j£-f -Sg^mE^fiE^g:.!:. S3I«E 
it^T-^ELtm 1 tttt«E£ Z**.?h.&1}? 1 



£ft14£-2mV kt&k. &&W.E.V POCfflSt 
-4 (mV/°C) 
[0 0 18] .t&LfcftJfcOT/^— * > • 'Jfe-y HUES 
0>te0>0ija>ii£i*, 0>J;Ll£. mmmULy DO <DiL-tb±t)< 

[0 0 1 9] 

+ VDS (N6) 

+ VTN (N7) -VTN (N5) 
(2) 

tt&rnE $ tt«¥«ic <t y jt» l jts$ss $ ffits u 
[0025] mrtem 1 

rfrsam i ttstEJ; y tismErom 2 uahves $ & 
irffis.fcm2<DJt^mE*ii»¥i6^#x. BtjfB*mmE 

teSEfc <k tfrnsam 2 ttssE<Dttg£jsm t ommum 

**1WB'J-tr* hlt-^i:LTtb73-r-&Ci:3!)<T-^5)o 
[0 0 2 6] *attE(K16gl!tt£IS]B*l=l(MBU 

-tr ? hit *§-A<«g»)#fii-£ y . fjiam 1 it&n&ottm. 

[0027] frtami fcj:i/friam2ros 

*«ee*w*«a«. mum zmmmE.kmm% -its^xs 
gfrtem 2 ttiasE k z ±&? ftffl-r z> =. k tx 

[0028] *tz. mu&mm^±fs.^mt. m&.mn 
mnitLkteitLmni®n&k<Dmiz. m 1 com 1 $iim 

OS h7>vX^fcJ;i;i 1 0)g2 9ilMOS 
^**A<it SUIT'S A £*tfcm 1 G)iS$i]fgllSlI]S8<!:f& 

2ff)f 1iSlMOS h7>yx$if 2fflg2fll 
MOS h^^v^^ilKDfitiii^tA^I^-Cti 
A*Hfcm2(DI15iJ«aiilKi:$=&L. HlfSm 1 V>% 1 
itiMOS h^>vX^<Dy*-hi:B!liBlg2a)mi# 
liMOS V^lsVT.'ZO'f-Vk KU-f 
S$HC(©m^.«^H!jSSmifiJ^imE<oai^Jffi<!:L. UiF 

tBmi<Dm2«a^Mos h7>vx5ia)y- h<t ku 
'T>tHtrfEm2<Dm2SimsMos h7>i?x^©y— 
h t*<5ic^$^OHUtEm 1 w^mEroaj7j^A<^ 

-M::mS!£;h.&m3 0>mi3iSMMOS h7>vX$ 

a)tb7jaSi:-r4<t:i:t,ir, SUtam 1 <Z>m 1 illMO s 
K5>i?X^i:3t5iJ|cm4(0mi#SSMOS h7>v 

[0029] $f,c, mrie»mmE±fiE^eii. mmm 

1 (Dl2»tiMOS h^^v^^fci^BilieSl 

ts** t mmiz&ttLmnmnG.w * * 



[0 0 3 0] £t>ic£*=. meg 1 (D«ffEg»?g 

lillMOS h5>vX^i:m3fc t feu:m4(DtSfitm 
^ i: A<it?iJJg^-C?}f A £ ^.flfBS 5 (Dig 1 fflMO S 

tt«a*tti=!*tt$:h.« t <t t i-Htitem 2 $ii»si±<Dt±i 

MtL. ^OBfriBm3*JJ:i;ig4<Dt£ta^(Dil5iJg 
[003 1] «MBff20>**ttEttilP*KI±« ft 

£ttttffl«9tttt£«>Mi::s earn 1 *m 

i: *<tt 9i»ffi-C» A $ tilME* 6 0>% 1 #B£!M O S 
K5>vX$<D KUY>liS2©§itf^Ltfif4 
fll*aB*&l=^£:h.«&££l=«rlB* 1 MWtBEOUl 
AilfcU A^ofItem6fc«fcU:m7CDSta^(7)tt:5i|^ 

[0 0 3 2] 

[0033] n it*mw<Dm 1 cosjsflj^-f essi 

* t? b*m £ & x * - k 7 v zrmm l «en«( 
Lramm)±^±fiE-r*»*m)±±^gi5i at. aasm 

E0U&Mtt&ftlftl::S**E£jftffi1 a0>X$-hT-v 
tttfltEE 1 I- ICS L T «3ISJ± £ 5£tf> it*-C#E L fr 

itsmj±i:£^ti.-e^ai*-r'5Sism)±*iipgi5 2 a <t. 

[0034] «i|i«EE£j!£g|5 1 a I*. §3^(4 V DDt 

s*i/nimos i-^^x* n i tfm.mmmT-m a$ 

V r e f =N • ( k • T/q) • 

C CT'. 

N ; (R 2(D«i/Lte) / (R 1 <D»Stfi£) 
q ; m^-Om^S. k ; 7t-:;U^"7>SIS. T ; *fe*t;gg 
(A/A T) • (V r e f ) =N 

+ ( 

(A/AT) • (VF (D1) ) ; D 1 <D;Sl§££3S"t?$-) 
- 2m V 

±3EC<fcy. &§&Nfc£l/M£@^ICg,$;ci:l:: < J:yffiI; 



[003 5] PlMOS h7>^?P1*JJ:yP20) 

evct (iaT. mimwnE.vcT tn?) omtii® 

tNlSMOS h7>yX$ N 2©y- ht*<S(Cjfa 

[00 3 6] 11 fl|®mi±VCT<Dai7]agA<P^MOS 
K7>y^^P3y-H:gi$*i. CCOPMMOSh 

^>vx$ p 3 t^stii^R 2 1 zto&Vim+m^ ; 

— PtT&V-f*— KD 1 «k#1i3SS{iVDDfc<fcu:f£ 
ifettfiGN D^I-iS5iJtgig|-C»A$Hc:<Dit5iJ^^ r 
e f ©fEV r e f (JJIT. IflEV r e f tfjif) 

[0037] Jt,|:PlMOS h7>V^$ P i t3£5J 
CPtiMOS h7>vA5 P 4 £*i-?-CD>r— h 

l^^l-ijE-i^S^miESllffllgP 2 a 0)& 2 fllPSEV S T 

<d m ± mtftm £ tt-c x $ - h 7 v -Jm.m z m & l r 

So 

[oo3 8] sfc. »«*eeih»S2 a i*. masse v 

DDirfgifeSiiGNDtCDFB^ICPMMOS h7>i>*$ 
P 5 <t t&mm* R 3 £ J: If R 4 t A<it5lJffi»T?#A $ 
*U PlMOS h^>vX$ P 5(0 KU-f Xifll^ 
C 1 ^^LTSiteSaGNDICfg^^^ixtirtlC. C 
(BP1MOS h^VvX* p 5 tU&mi-C 1 0>tgjg£ 

sTrotEvsT (jut. m 2 wmms.\/ st tn-r) 

(OthtimtL. frOfittlTR 3fc<fcl/R4<7>II?i]$gg! 

[0 0 3 9] ±i£L/=«JiElCj:i.*i|6mE±ii£gBl a 1= 
fcl^r. PlMOS(-7>vX$P1> P2*J 

XICL. AONIMOS h7>v^$ N 1 |C*fLN 2<D 

y— k^^i^— y--rx<t uy- hfli^Mistiss-rtL 

[0 0 4 0] 

I nM + V F ( D 1 ) (3) 

V F (D 1 ) ; D 1 0>IH73|S]mi± 

[004 1] 
■ ( k/q) • I n M 
A/A T) ■ (V F (D 1 ) ) (4) 

[0042] »2pmE$flfflisP2 aomft&mmt 
s. 5tT. x^- k • 7~j?mk*vm-tz>%zw®m, 

E V S T^CDSb^ljiB^^-^. 
[0 0 4 3] nffi&Atif. #MOSh7>yX$«)y- 



[0 0 4 4] fCt, MttA»P4<Dy-hiSl* 
1 2 *mtE V S T $ □ ^ l/K;UC L t P 4St>J 

sttitti::£wtE£jft« i a^iftf^^-fr^o *© 

VSTJ/WU^^U tt**E±/£SB1 a (DP 4£ 

Va=VDD- (R4/ (R3 + R 

str. aw«E«»»2aT±j«*:fc*x*-h 
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